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Abstract. We propose a new minimal supersymmetric scenario with virtually no fine-tuning in 



the electroweak symmetry breaking. It favors light supersymmetric spectrum below a few TeV and 



predicts definite relations among stop and gaugino masses and LSP higgsino with < 200 GeV, 
which are within the reach of coming LHC experiment^. 
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Supersymmetry (SUSY) is a leading candidate for physics beyond the standard model 
(SM) which solves the enigmatic gauge hierarchy problem. The minimal extension leads 
to various non-trivial predictions: gauge coupling unification, radiative electroweak 
(EW) symmetry breaking, the lightest SUSY particle (LSP) protected by R-parity (a cold 
dark matter candidate) and a light Higgs boson compatible with the EW precision tests. 
All of them are direct consequences of a single spell, 'minimal supersymmetry'. This is 
a remarkable success, considering various difficulties we often encounter in alternative 
approaches. 

However, the LEPII experiment observed neither a Higgs boson nor a SUSY particle 
and has built up an uncomfortable tension in the EW symmetry breaking of the minimal 
supersymmetric standard model (MSSM). At tree level, the lightest Higgs boson in the 



MSSM is lighter than M z . Thus, the LEPII SM Higgs mass bound mL > 114.4 GeV 
requires a substantial radiative correction, which raises the upper bound approximately, 

< £ M z + {3g 2 mj/Sn 2 M 2 w ) In (mj/m 2 ) , (1) 

neglecting the trilinear scalar coupling, A t . Then the SM Higgs mass bound is translated 
into m~ t > 500 GeV. This bound for the stop mass is closely related to that of the up-type 
Higgs, H u through the renormalization group (RG) running. If the boundary value of 
m 2 Hu is given at the cut-off scale A, a dominant correction below it is estimated as, 

Am 2 H u ~ " (3/4^ 2 ) y]m 2 t In (A/m?) . (2) 

Then A w Mquj leads to Am 2 ^ ~ —2m?, which suggests m 2 ^ ~ & (m~ ) up to a 'conspir- 
acy' between mjj (A) and the RG running. While the EW symmetry breaking requires, 

Mi/2 = (m 2 Hd -m 2 Hu tm 2 p) / (tan 2 /3 - l) - \^l\ 2 « -m 2 Hu - | M | 2 . (3) 
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Unless m 2 ^ ~ /i 2 ~ M|, we need a fine-tuning between m 2 ^ and /i 2 , despite their origins 
are totally different from each other. The degree of fine-tuning is measured by, 



A(/i 2 ) -1 = (<9lnM|/<9ln/i 2 ) 1 = Af|/2|ju| 2 . (4) 

This implies m# M ~ mj > 500 GeV results in a fine-tuning worse than a few % level. 

Various solutions have been proposed for this Tittle SUSY hierarchy problem' be- 
tween the EW scale and the SUSY (stop) scale. They are classified in two categories. 
The first solution raises the tree level Higgs mass well above Mz by enhancing the Higgs 
quartic coupling, which is solely determined by SU (2)l xU(1)y D-term in the MSSM. 
The second solution explores a way to realize the little hierarchy by introducing a new 
symmetry around the EW scale or lowering the cut-off A close to the EW scale. In both 
cases, new fields and thresholds are required. This spoils the original simplicity of the 
minimal scenario, in particular, the prediction of the gauge coupling unification. 

In this paper, we pursue an alternative direction, preparing the conspiracy between 
™lhJMgut) an d the RG running below it, in order to realize the EW scale little hierarchy 
llL 120 • This looks hard to achieve but is actually possible in the mirage mediation 
scenario of SUSY breaking ||3j,|4|,|5j], typically realized in the KKLT-type string modulus 
stabilizationflg]. The system is described by the following effective supergravity action, 

J d A x J J 4 0(-3)CC*exp(-jr/3) + |y d 2 6 ((/ fl /4) W a W a + C 3 W) +h.c. j 

+ J d 4 ec 2 c* 2 ^> m 2 e 2 (5) 

where C = Cq + F c 2 denotes the chiral compensator superfield. Kahler potential JT, 
gauge kinetic function f a , superpotential W and uplifting function £Pnf t ( represents the 
effect of SUSY breaking brane flayO) are given by, 

Jfr = J%(T + T*)+Zi(T + T*W<l> u f a = T, 

W = w -Ae- aT + kj&i^&k, &m = 0>m{T + T*), (6) 

where T denotes the gauge coupling modulus and 4>, stands for chiral matter su- 
perfields. In = limit, the modulus is stabilized at SUSY AdS vacuum with 
aT w In (A/wq) ~ In (M Pl /m 3/2 ) , where F T = -e x 'l 2 K Tr " D* T W* = and the potential 
minimum is given by (V) = — 3|m 3/ / 2 | 2 - This vacuum energy is fine-tuned to (V) ~ + 
by ^iift- This uplifting process generates finite Mo = F T / (T + T*) due to the shift of 
modulus vev [3]. We introduce a parameter, a indicating the relative size of m 3 / 2 to Mq, 

a = m 3/2 /M \n(M Pl /m 3/2 ) « {1 + (3/2) («9 r ln^ llft /^^6)} _1 ■ (7) 

This is typically ^(1) and modulus mediated SUSY breaking in the visible sector is 
comparable to the anomaly mediated one [3]. Note that the relative phase is dynamically 
eliminated [0,[5|]. The soft SUSY breaking terms of the visible fields are summarized as, 

jSf = - (l/2)M fl ;W -m 2 |<k-| 2 - {(1/6) A ljk y ljk ^ k + h.c.} . (8) 



where 0; denotes a scalar component of <J> ; , and A a represents gaugino. The canonical 
Yukawa coupling is defined as, = Ayjt/ \J e~ J ^ZiZjZ] c . These terms are derived 
at the unification scale using standard supergravity formula, 

M a =M + ^ 2 -m 3/2 , A i j k =(a i + aj + a k )Mo-j^(Y i + Yj + Yk)m 3/2 , (9) 

7; = (8^ 2 )^^, a< = 2i?e(r)^ r ln (V^/ 3 Z ; ) , cj = -ARe(T) 2 d T d T * In (V' % / 3 Z ; 

where a, and C{ are typically non-negative rational numbers. 

Intriguing feature of this mirage mediation is that the anomaly mediated contribution 
(<x m$j2i m \j2> effectively shifts the modulus mediation scale from Mq UT to the mi- 
rage messenger scale, M m i r = Mgut / {M P i/m 3 i 2 ) a l 2 at one-loop level [|4J]. This holds 
for all the soft terms if the Yukawa coupling is negligible or only allowed for the 
combination of fields which satisfies a,- + aj -\-a k = C[ + cj + c k = 1. It is straightfor- 
ward to show M a (ji) = (gK/l) / gliMraii)) Mo by explicit calculation. While at M GUT , 
g\ = g G = Re{T)~ l and yf- k = X 2 / 'e~ J ^>ZiZjZj c Re(T)~ l , if the above condition is 

satisfied. Hence, the anomalous dimension scales like ji(Re(T)) = Re(T)~ x ji(\) at 
one-loop level. This enables us to solve the T dependence of lnZ ; at arbitrary scale as 
\nZi(Re(T))\^ =McuT + A]nZ i ((n/M GUT ) 1 /sc Re ( T )). Promoting T as asuperfield and re- 
placing Mquj — > MqutVCC*, it is straightforward to show AlnZ| 2 = AlnZ ; | g2 -2 = 

at M m i r , which leads to A^-Mmir) = Mq and m?(M m i r ) = c,Mq in case of non-Abelian 
gauge group. Then the soft terms having the same c, unify at (mirage unification). 

This property is exactly what we need to realize the little hierarchy between the Higgs 
and stop masses in the minimal SUSY. Once we have a = 2, a Ui + a q3 + an u = 1 and 
ch u = 0, c m + c q3 = 1 due to discrete nature of the underlying physics, we can realize 
Mmir ~ M and m 2 Hu (M mir ) « M 2 /Sn 2 while m\ (M mir ) + m| (M mir ) = M 2 . Note that we 
do not add any new fields other than T and the gauge coupling constants unify at Mgut- 

An extra bonus of this scenario is natural realization of /i and B of order Mq, which 
is non-trivial to achieve with the anomaly mediation due to an unsuppressed 0(m 3 / 2 ) 
contribution to B. If we assume the /i term is generated by the same non-perturbative 
dynamics as in the modulus stabilization, like AW = Ae~ aT H c jH u , /i is naturally &{Mo) 
and the leading &{m 3 j 2 ) terms in B cancel at a = 2, leaving B = G{Mo) [BE]. 

In this scenario, can belong to either the EW scale (cn d = 0) or the SUSY scale 
(cn d 7^ 0) as far as tan /3 is not extremely large. In the former case, the EW symmetry 
breaking condition, Bfi ps ( m H d J *~ m H u +2/i 2 )/tan/3 requires B ~ Mz/ tan /3. This is 
beyond the control of the above mechanism generating B, although it is not the problem 
of the effective theory description itself. While, in the latter case, B ~ Mo and virtually 
no fine-tuning is required. It is known that this non-universal choice for cn d ,H u generates 
an effective U(\) D-term contribution in the soft masses. It is positive for m 2 H , however, 
sufficiently small to be driven negative by other corrections in similar size. In the left 




FIGURE 1. RG evolution and fine-tuning of the EW symmetry breaking in the TeV mirage mediation. 



panel of Fig.l, we show RG evolution of the soft masses for c„, u ,d,le =1/2, cn d = 1. 
Non-negligible bottom Yukawa coupling and the effective D-term contribution perturb 
the exact unification, however, a sufficient little hierarchy is realized at ~ Mq. In the 
right panel of Fig.l, we plot the fine-tuning parameters A(/i 2 ) -1 and Af]!?!) -1 (similar 
definition as in ©) as a function of (Mo/ a/2). Here Bo denotes B(Mgut) other than 
the loop induced anomaly mediated contribution. Note that the EW symmetry is broken 
with fine-tuning better than 10 % for predicted mjj ~ Mq/Sk 2 with Mo <=a M\ ,2,3 > 1 
TeV while the lightest Higgs mass is comfortably accommodated above the SM bound. 
In this scenario, LSP is always pure higgsino, typically lighter than ~200 GeV. 
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